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1. Introduction. - The anomalous retention of polymer molecules inside a porous medium [1] [2] [3] or the strange rheological effects observed in a capillary flow [4] [5] [6] led to the conclusion that a polymer solution is likely to exhibit spatial concentration gradients in a non-homogeneous flow. The origin of this migration has been long attributed to the deformation entropy of the molecules [7] [8] which results in a force driving the polymers towards the regions of lowest stresses, i.e. the regions where the molecules are less deformed.
On the other hand, experiments on DNA molecules in a circular Couette flow [9] demonstrated a migration of these (rather rigid) molecules towards the rotating inner cylinder, the very place where the stress is highest. A second explanation was then proposed [10] [11] which links migration to a purely viscous force, the so-called Faxen' force which is a modified form of Stokes' law in a non-homogeneous velocity field [ 12] .
Among polymer physicists, the supporters of the viscous force and those of the entropic force form two orthogonal groups. As if this situation was not controversial enough, Sekhon, Armstrong and Jones [13] recently suggested that the hydrodynamic interactions inside the polymer molecules were responsible for a new force (hereafter called the SAJ force) leading to another possibility for polymer migration.
It is noteworthy that the SAJ and Faxen forces can be derived within the dumbbell model for polymers while the entropic force cannot. This is all the more surprising since the entropic force is nothing but a mere generalization of the famous Fick's law to the case of a solution of deformable particles. This situation is rather puzzling and the purpose of this paper is to reconsider the mechanisms of polymer migration with the help of thermodynamics. We will not deal at length with the Faxen's force since it is rather well known and exists even for a rigid particle. (14) we deduce with the help of (11) Moreover the conservation of momentum must certainly appear as hence, comparing with (16) with S defined by equation (9) . Now by comparing with the left-hand side of equation (20) we deduce that Lastly the dumbbell model [18] suggests that for a dilute solution the evolution in time of the polymer shape is and this implies that our R in ( 19) iii) Lastly, one can verify with equations (7), (10) This result must be compared with the viscous force F, acting on a particle in an arbitrary velocity field, the so-called Faxen's force [12] where is the friction coefficient and q, the solvent viscosity. ( 10)) while such a possibility is excluded from (42). Moreover the part of (42) depending on the polymer shape C only implies a cross-streamlines migration (see ref. [14] ) while the more complicated structure of the corresponding part of (44) is compatible with cross-streamlines as well as along-streamlines migration, as we shall later see. The structure of expression (44) thus bears many resemblances to that deduced by Sekhon, Armstrong and Jones from a kinetic theory approach [ 13] [21, 22] In the dumbbell model, the polymer molecule is compared to such a system of two interacting spheres and r now represents the deformation of the molecule.
In their dumbbell model approach to the diffusion flux, Sekhon, Armstrong and Jones [13] (10)) and the remarkable fact is that the Soret coefficient is now proportional to the particle deformation and is thus likely to be unobservable at low Deborah numbers.
11. Conclusion. - 
